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John Mayow. 
In contemporary Setting * 


Il. — MAYOW’S VIEWS ON COMBUSTION 


§ 98. In the interval between the publication of the 
Tractatus duo and the Tractatus quinque, Mayow had devoted 
some attention to the study of saltpetre and spirit of nitre 
(nitric acid), and in this, as in much of his previous essay, he 
follows BoyLe very closely, (71) who, as has been mentioned, 
had dealt with the subject some fourteen years previously; but 
Mayow embellishes the sober facts of BoyLE with irresponsible 
notions of his own, besides adopting many of the fanciful 
views which we find, particularly in THRusTON, but also even 
in Lower. The first and longest essay in the Tractatus quinque, 
running to fifteen chapters, deals chiefly with nitre, nitro-aerial 
spirit and the various ways in which nitro-aerial spirit is concerned 
with the phenomena of respiration, combustion, light, lightning, 
quicklime, and the thermal springs of Bath. 

§ 99. RODWELL, as has been mentioned, thought Mayow’s 
book was characterised by much clear and accurate reasoning. 
Only by supposing him to have been acquainted with Mayow 


* See Isis, 15, 47-96. 

(71) In this connection another of GUNTHER’s very misleading statements 
should be mentioned. He says, « -Moreover, it would not appear that he was 
acquainted with Boy_e’s work before it [the Tractatus quinque] was published, 
since he distinctly states that part of his treatise on sal nitrum was written before 
the published account of BoyLe’s experiments came into his hands. » (GUNTHER, 
loc. cit., 1, 33). This suggests, or seems to suggest, that Mayow had no knowledge 
of any of BoyLe’s work. But what Mayow really says is «Since this treatise 
[i.e., that on nitre and nitro-aerial spirit] was written, BoyLe’s experiments recently 
published have come into our hands.» (M., p. 12). GUNTHER’s omission of the 
words «recently published » makes a world of difference. Mayow is evidently 
referring to Boy.e’s Essays on Effluviums published in 1673 and perhaps also 
his Tracts... touching... Flame... Air... Explosions (see ante §§ 77, 78). 
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through the medium of BEDDOES and YEAaTs, can the statement 
be understood, for, in fact, the Tractatus quinque is extremely 
illogical and by no means clear. Many passages mutually 
contradict one another, and a great deal of the book can only 
be described as absolute nonsense, as anyone who will conscien- 
tiously try to make a clear digest of this essay, taking into 
account all the subjects that Mayow deals with, will speedily 
find. 

§ 100. Since Mayow himself has failed to give a clear 
account of his views, it is difficult for anyone else to do so, 
but in the following pages an attempt will be made, in the first 
place to explain such of his views as are comprehensible at all, 
giving, when he had any, his reasons for adopting them, and, 
in the second place to point out how little the views which have 
been stated to be « precisely similar to our modern views » do, 
in fact, resemble them. 

§ 101. Mayow first accepts the « received opinion » that the 
air is impregnated with a universal seed fecundating all things, 
and asks, « why, then, not suppose that this macrocosmic seed 
is either itself fixed salt or, at least, the seeds of fixed salts hidden 
in the bosom of the earth; and that these when brought in 
progress of time to maturity are, together with nitro-aerial 
spirit, (72) changed into sal nitrum.» (M., p. 5). Then, since 
thoroughly calcined vitriols when exposed to air acquire acidity, 
and become, to some extent, nitrous, and steel filings exposed 
to moist air are corroded as by acid spirits, therefore an acid 
and nitrous spirit resides in the air (M., pp. 7, 8). Since a flame 
goes out sooner in a glass that contains no air than in one 
filled with air (M., p. 8) and since sulphureous matter cannot 
be kindled in a place void of air, either by ignited charcoal or 
by iron, or by the solar rays collected by means of a burning 
glass, certain aerial particles are indispensable to the production 
of fire (M., p. 9). All this, or practically all, had been expe- 
rimentally demonstrated or suggested by FLUDD, VAN HELMONT, 
(see § 110) BoyLe, Hooke and others. 


(72) Nitro-aérial spirit (the equivalent to oxygen) is thus suddenly introduced 
without any explanation, probably because the idea and the term were already 


common. 
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§ 102. As already remarked, MAyow gives up, in this essay, 
the view he had previously held that air contains nitre, for, in 
that case, a flame would keep constantly detonating (M., p. 4)—not 
a very penetrating remark. Nitre, he says, consists of a fiery 
acid salt and an alkali, since it can be decomposed into these 
two things and also regenerated from them (M., p. 2)—which 
had already been shown by BoyLe. (73) HoOoKE had pointed 
out that nitre and air seemed to contain one and the same active 
principle, and Mayow, adopting this view of Hooke’s, thinking 
that this particular part of nitre is actually derived from the air, 
supports his view by the statement that «nitre is only evolved 
from soil which is impregnated with air » (M., p. 3), a statement 
based, perhaps, on HOoKE’s experiment quoted in § 60, note. 

§ 103. In these phenomena it is only a more active and subtle 
part of the air that is concerned, since «a lamp enclosed in a 
glass goes out when there is an ample enough supply of air in it » 
(M., p. 9); which had already been shown by FLupp and 
vAN Hetmont. These igneous particles (74) of air constitute 
the more subtle and fiery part of nitre (M., p. 9), as had already 
been suggested by Hooke. Since part of nitre is derived from 
air (an assumption merely), and since igneo-aerial particles exist 
in nitre, therefore the aerial part of the nitre is its igneo-aerial 
particles (M., p. 13). This, of course, is again practically 


(73) It is of interest to notice in what way distorted views creep into chemical 
literature. As already mentioned (§ 34), BoyLe, in 1661, had described the 
analysis and synthesis of saltpetre. His synthesis was carried out using what 
we now know to have been potassium carbonate, but which at that time was 
not distinguished from the hydroxide. Mayow (p. 2) says, « Sal nitrum seems 
to be composed of an extremely fiery acid salt, and, in addition, of an alkali or of 
purely saline volatile salt taking the place of the sal alkali. And this may be 
ascertained not only from its analysis but also from the way in which it is pro- 
duced... If nitre be analysed by distillation, acid spirit will pass into the receiver, 
while fixed nitre, closely resembling sal alkali, will be left in the retort.» There 
is nothing here to suggest that Mayow had discovered these facts or even had 
himself carried out the experiments. Nevertheless we find, for example, Lowry, 
Historical Introduction to Chemistry, 1915 saying, « Nitre... was prepared artificially 
in 1674 by JoHN Mayow, a friend and contemporary of Boye, by recombining 
the nitric acid with potash. (p.19). He thus in one sentence suggests a friend- 
ship for which there is absolutely no warrant, and credits MAyow with an achieve- 
ment directly in opposition to the evidence. 

(74) Mayow describes these particles by various names, igneo-aérial (M.., 
pp. 10, 11, 12), nitro-aerial (M., p. 12), etc. 
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Hooke’s view : «a substance inherent, and mixt with the Air, 
that is like, if not the very same, with that which is fixt in 
Saltpeter.» (see § 44). 

§ 104. It should be carefully noted that Mayow uses the 
word «aerial » (75) to mean ‘derived from the air’ and not, as 
modern readers might easily think, in the sense of ,aeriform’. 
Similar particles to these are found in spirit of nitre. They 
«are rigid, dry, and extremely subtle, agile, ethereal, and really 
igneous » and therefore they may be called nitro-aerial particles 
(M., pp. 13, 14). They are thus very similar to or identical 
with Lower’s nitrous spirit of the air, or the nitrous particles 
of THRusTON, the latter similarity, indeed, being acknowledged 
by Mayow himself : «It has elsewhere been shown that the 
fermentation and the motion of the blood are caused by nitro- 
aerial particles. And this has also been noted by the learned 
Dr. THruston.» (M., pp. 257, 258). 

§ 105. Mayow’s method of developing his argument may 
be illustrated by extracts from the next few pages. «Indeed, » 
he says, «spirit of nitre seems to derive its caustic and very 


(75) In such a passage, for example, as the following :—« But let us consider 
in the next place the part which nitro-aerial spirit, or what is the same thing, 
the aerial part of nitre, plays in producing fire» (M., p. 16). Here, « aérial » 
does not mean the « gaseous » part of nitre. It is probably due to a misconception 
of Mayow’s use of this word that RopweLL, RaMsAy, GUNTHER and others have 
been led to think that Mayow considered the atmosphere to consist of two aeriform 
constituents. ‘Two passages bearing on this point may be quoted. « Nor is 
it probable that air without any force applied to it would condense to such an 
extent as would have to be supposed in the case of nitre if its burning resulted 
from air residing in it. For to the production of so impetuous a flame as is pro- 
duced by a small morsel of nitre, no mean supply of air is required, but that 
so much should be imprisoned in a small piece of nitre is very unlikely. » (M., 
82, 83). Also by mixing « spirit of nitre and also salt of tartar, or any other fixed 
salt dissolved in a small quantity of distilled water » in an exhausted vessel and 
afterwards evaporating the solution, nitre will be obtained in an airless place; 
also, nitre dissolved in distilled water placed in the receiver of an air pump and 
then exhausted gives off no bubbles (M., p. 83) «a clear enough proof that air 
is not so densely enclosed in nitre.» (M., p. 84). « It is thus evident that the 
igneo-aerial particles common to nitre and air are not air itself, but only certain 
very subtle particles which fixed in air and in nitre constitute their more active 
and fiery part. » (M., p. 84). This taken in conjunction with others of Mayow’s 
views (see §§ 110-116) shows that he had no conception at all of two aeriform 
constituents of the atmosphere. He does not seem ever to think of nitro-aerial 
spirit as having the properties of a gas, whereas HOoKkE’s words do suggest such 


an idea. 
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potent fiery nature from the nitro-aerial and fiery particles which 
reside in it. So that it is commonly, and not improperly, called 
potential fire. ... And, indeed, I do not know anything in 
nature approaching nearer to fire than the red spirit of nitre 
which passes into the receiver in the course of distillation, with 
a ruddy colour [WILLIs, see § 39]; but the ruddiness of nitrous 
spirit, rivalling flame, seems to be due to the igneo-aerial particles 
of the spirit, which are agitated with an almost fiery movement. » 
(M., p. 14). Also, since the particles of nitro-aerial spirit are, 
«in the highest degree subtle, sharp, and caustic » they naturally 
account for the sharp, caustic, corrosive, penetrating and 
dissolving power and ruddiness and brightness of fire. (M., p. 18). 
These, it is obvious, are merely arbitrary assertions, and very 
absurd ones at that, but immediately afterwards he says : «It 
has been shown above that the extremely corrosive and acrid 
nature of nitrous spirit is due to the nitro-aerial and fiery 
particles which reside in it»; thus, apparently, converting his 
assertion into a proof. « And, indeed, fire and the spirit of nitre 
are so like in respect to their caustic virtue, that it can scarcely 
be doubted that their extremely corrosive nature is due to 
particles of the same kind, namely, to the nitro-aerial and fiery 
spirit which resides in both. » 

§ 106. « Besides, nitro-aerial particles when in very great com- 
motion become red like fire and glisten, as is clearly seen in the 
spirit of nitre which is ruddy during distillation »—an idea probably 
derived from WILLIs (see § 39). « Nay, that every kind of light 
proceeds from the motion of the nitro-aerial particles will be 
shown below; while, on the other hand, the gentler sulphureous 
particles, however violently agitated, appear less fitted for 
assuming the keen and eminently destructive nature of fire. » 
(M., p. 18). 

§ 107. The clear thinking which so much impressed RODWELL 
does not emerge very distinctly in these passages at least; the 
arguments are hardly such as we might suppose likely to prove 
convincing to Ropert Boye or Isaac NewTon. It would be 
exceedingly tedious to deal with all the other notions which 
Mayow has developed in this kind of way; for many pages he 
writes similar nonsense. His commentators merely omit these 
from consideration; but, in attempting to form an estimate of 
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his views or to determine how they were likely to influence his 
contemporaries, this procedure is clearly absurd. These fantasies 
indicate the type of Mayow’s mind, and show that his apparently 
sounder views, when they were not merely adopted from other 
people, may have been, and probably were, formed in a similarly 
casual way. Passing over, however, with this bare mention—but 
not forgetting it—a large part of his book, we may consider in 
greater detail those parts of Mayow’s philosophy which have 
been so highly commended by the writers already quoted. 

§ 108. Mayow’s arguments and views proceed, however, 
in such peculiarly vicious circles, that it is very difficult, in 
trying to explain them, to know exactly from what point to 
start; it is hard to tell where a circle begins. There is no logical 
development at all; as already mentioned, an assertion in earlier 
parts is quoted later on as equivalent to a proof. It is therefore 
difficult to exhibit, with reasonable brevity, MAyow’s views 
in just perspective, and so as to convey to a modern reader the 
same impression which would have been gathered by a 
contemporary. If, in the sequel, the quotations should seem 
to be taken in rather a haphazard fashion from different parts 
of Mayow’s book, it must be remembered that Mayow deals 
with the subject in the same haphazard way. 

§ 109. We may perhaps commence with Mayow’s general 
idea of combustion, which is very largely a mixture of those 
of BoyLe and Hooke. According to Mayow, fire consists of 
nitro-aerial particles « in a state of rapid and fiery commotion » (76); 
sulphureous particles being also necessary, but merely because 
« they are naturally fit » for this purpose (M., p. 17; see note, § 123). 
Any substance heated in a flame becomes hot by the fact that 
nitro-aerial particles get into the heated substance. That the 
nitro-aerial particles are responsible, is proved by the fact that 
if nitre is heated in a crucible it merely melts. Were the 
heating due to absorption of sulphureous particles, the nitre 
would catch fire (M., p. 19; see’ BoyLe, ante § 34). Similarly 
a polished metal plate kept in the flame of a candle becomes 


(76) One sees how closely Mayow’s views correspond to ours by translating 
them into modern terms :—Fire consists of oxygen particles in a state of rapid 


commotion. 
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hot by absorption of the nitro-aerial, not the sulphureous, 
particles, since «the sulphureous particles adhere to the outer 
surface of the plate in the form of soot and do not at all 
penetrate the plate » (M., pp. 19, 20). Hence the sulphureous 
particles of fire «are of so crass a nature that we can scarcely 
imagine, however heated they may be and however minutely 
divided, that they will become so subtle and nimble as to be 
able to penetrate,... metals, glass, and such like very solid 
things. » (77) (p. 19). Mayow thus adopts the view which had 
already been expressed by Boye, who considered that substances 
were heated by the absorption of igneous particles, but goes 
further, and assumes the heating to be due to the absorption 
of a special kind of igneous particle, nitro-aerial particles, or, 
in the modern term, oxygen. A metal plate heated in a flame 
becomes hot owing to the absorption of oxygen from the flame 
by the plate. 

§ r1o. Having thus obtained a notion of what Mayow 
understood by fire, we may pass to the experiment of a candle 
burning in air over water (M., pp. 68, 69). The first published 
description of this experiment that I know of, occurs in the De 
Macrocosmi Historia (1617, Opera Omnia, 1, 472) of ROBERT 
FLupp, who says regarding it, that « water enters the flask in 
proportion as the air has been consumed. For air nourishes 
fire, and in the nourishing is consumed.» It is also described 
by vAN HELMONT in his Ortus Medicinae which was first published 
in 1648, (78) but we do not know when he carried out the 
experiment. VAN HELMONT’s apparatus was very like that of 


(77) It is interesting to compare this with some views of Hooke published 
three years later. « Hence we may give a plain Reason why upon applying any 
cool Superficies very low into the flame of a Lamp, there is immediately condensed 
upon it a great quantity of soot, namely, that the middle parts of the Cone of flame, 
being nothing but a great number of oyly steams ascending, are not fired nor 
consumed by the Air, till they cam come to be wrought upon by the free and 
unsatiated Air. Now if the Air be so intercepted that it cannot come at them, 
and the steams be cooled by the plates coldness that the Air is not able to prey 
upon or dissolve them for want of a preparatory heat sufficient, they must remain 
in the form of burnt Oyl, or Lamp-black.» (Hooke, Lampas, 1677, p. 8). 

(78) In the 4th Edn., 1655 it is described at p. 52, § 7, and in the English Edn., 
« Oriatrika or Physick Refined, 1662, at p. 82, §7. VAN HeLMonrt (loc. cit., § 16) 
says that the schoolmen had thought « the fire to live, and be nourished by the 
air »; a view with which VAN HELMONT did not agree. 
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Mayow, although his object in trying the experiment was a little 
different. He noticed the change in volume and _ attributed 
it to «a consuming of some part in the air. » (loc. cit., § 9). 

§ 111. But although Mayow’s attention was in the first place 
really attracted by the change of volume—and he rejects, 
correctly, the idea that, of the air enclosed in these vessels, 
«a part has been entirely consumed while the rest remains 
unchanged, because if that were so there would be nothing to 
hinder the animal from still breathing in it» (M., p. 84)—he 
adopts a view depending in a way on BOYLE’s experiments on 
the elasticity of the air, and it is at this point that we have 
difficulty in understanding him. The modern mind jumps so 
naturally to the idea of some aeriform constituent being removed 
from the atmosphere, as to have difficulty in imagining that any 
other cause should ever have been thought of or sought for, and 
it is probably this which chiefly leads Mayow’s commentators 
into the error of crediting him with the idea that the « air consists 
of two gases.» In Mayow’s time, however, the elementary 
nature of air, apart from admixture with steams and exhalations, 
seemed so axiomatic, that it was very difficult for anyone seriously 
to suggest that it could possibly consist of two different aeriform 
components ; this was an idea which had to be forced upon mankind 
by the violent experimental evidence of SCHEELE, PRIESTLEY, 
and Lavoisier. (79) And although Mayow himself says that 
it is necessary to think of aerial particles as compound 
(M., p. 79) it will be seen that his conception is deliberately 
adopted to avoid the modern notion. Instead of thinking that 
an aeriform constituent of the atmosphere had been removed, 
with resulting diminution of volume, he concluded instead, 
very probably following THrusToNn, see § 73, «that the elastic 
force of the air has been diminished » (M., p. 84), in consequence 
of which shrinkage occurs. In explaining this he adopts an 
idea of which BoyLe (New Experiments, 1662, p. 13) had made 
use, and supposes the air to resemble wool or fleece which can 
contract under pressure and resume its former shape when the 


(79) Mayow sometimes refers to nitro-aerial particles as elastic particles, which 
suggests to the modern mind the idea of a gas. By this expression, however, 
he means particles which confer elasticity on something else, viz. the air particles, 


iron, glass, etc. 
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pressure is removed (M., pp. 79, 186). In combustion something 
happens to the air, with the result that all or nearly all (80) its 
particles become less rigid, in consequence of which they 
collapse into smaller space, being no longer able to resist, as 
strongly as before, the pressure of the atmosphere. « No other 
conception is possible,» he says, «than that the elastic force 
of the air has been diminished, and that this is due to a certain 
change wrought in the aerial particles themselves. But what 
that change should be, which diminishes the elastic force of 
the air, unless we suppose that the particles from being rigid 
become flexible, I confess that I do not understand. » (M., 
p- 84). 

§ 112. Then, by quite an ingenious experiment which is not 
made very clear in CRUM BROWN and Dossin’s text (M., p. 113, 
Plate V, Fig. 5), MAayow examined this air left after combustion 
and respiration, and found «that the air in which an animal 
or a lamp has expired is possessed of no less elastic force than 
any other air [compare BoyLe § 77], for when the pressure of 
the atmosphere is removed it expands with no less vigour than 
common air » (M., p. 85), «the air in which an animal or a lamp 
had expired, possessed elastic force in an equal degree with 
unimpaired air, and, in fact, it appears to me to expand no less 
than any other air.» (M., p. 115). 

§ 113. He recognises a considerable difficulty here. « This » 
he says, «seems flatly to contradict what has been said on this 
matter » (M., p. 85); and, indeed, it does. He overcomes the 
difficulty, however, by a double argument, suggesting that «a 
weaker rigid body, [i. e. the air particles after combustion] 
provided it has been greatly bent and stretched, will have no 
less elastic force than a stronger rigid body less bent by the very 
same force. It should be also noted that the elastic force of the 
said air results in part also from this, that as that air deprived 
of elastic particles is reduced to narrower space, aerial particles 
in air of this sort are aggregated in greater abundance and more 
densely than in common air.» (M., p. 85). Mayow therefore 
explains the contraction which air undergoes in his experiment 
by supposing the particles of air to become less rigid and therefore 


(80) « Nearly all have undergone some change » (M., p. 84). 
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to collapse into smaller volume, this smaller volume, however, 
still containing the original number of air particles. 

§ 114. He then discusses the question of the cause of this 
phenomenon, and here we come to a very important consideration. 
It is asserted by MAyow’s apologists that he recognised air as 
a mixture of two gases. As a matter of fact he expressly denies 
this idea. «If,» he says, «the elastic force of the air resulted 
from certain agile particles interspersed in it, and if these were 
exhausted by the breathing of the animal or the burning of the 
lamp, then air in which an animal or a lamp has been enclosed 
would by no means expand with as much force as unaltered 
air » (81) (M., p. 85). Mayow’s argument, as is so often the case, 
consists merely in an assertion, quite unsupported by experiment, 
and one which is, in addition, according to modern views, 
entirely wrong. It shows, however, that Mayow explicitly 
rejected the idea that air consists of two aeriform bodies. 

§ 115. Besides this, in a passage already quoted (§ 111), 
« But what that change should be, which diminishes the elastic 
force of the air, unless we suppose that the particles from 
being rigid become flexible, I confess that I do not understand » 
(M., p. 84), Mayow, by implication, makes the same admission. 
He cannot think of any other cause than the one he has 
suggested. Surely, therefore, since Mayow himself both explicitly 
and implicitly rejects it, he may be regarded as completely 
innocent of the modern view. 

§ 116. Having thus quite definitely rejected the notion of 
the removal of an aeriform constituent of the atmosphere, 
Mayow developed his notion of elasticity of the air. «It is 
not so clear,» says MAyow, «to what cause the elastic force 
of the air is due », and he proceeds to state briefly the result of 
his reflections on this recondite subject. « The elastic force 
of the air,» he thinks, «is due to the same aerial particles as 
those by which flame is supported—an inference which we 
deduce from the fact that air deprived of these nitro-aerial 


(81) In making this assumption, which may have seemed reasonable enough 
to him, but which was nevertheless quite gratuitous, he contradicts an earlier 
one where he remarks that «it is probable that some subtle and nimble matter 
interspersed with aerial particles and continually agitating them conduces not a 
little to the expansive force of the air.» (M., p. 79). 
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particles loses elastic force, as will be established by what 
follows.» (82) (M., p. 67). 

§ 117. Whether Mayow was led from the elasticity of iron 
to the elasticity of air or vice versa, it is difficult or impossible 
to say, but there is no doubt that his idea of the cause of 
elasticity of air was greatly influenced by the following consi- 
derations. Nitro-aerial particles, « when quiescent and securely 
fixed in the pores of bodies» are, he thinks, « the cause of 
rigidity and the power of resilience.» ‘Thus iron or glass held 
in a flame becomes hot by absorption of nitro-aerial particles 
(i. e. oxygen). If the substance be then quickly plunged in 
water «the nitro-aerial particles conveyed by the fire to the said 
substances may be obstructed in their movement by encountering 
cold, (83) and secured more firmly in the structure of these 
substances.» (M., p. 47). The nitro-aerial particles « are fixed 
like wedges or very solid spikelets in their pores. Things are 
hardened by them when fixed in this manner, and indeed cold 
seems to close the pores of things in this way only.» (M., p. 48). 

§ 118. « That nitro-aerial particles reside in iron made rigid 
in this way, is evident from the fact, that this iron acquires the 
property of giving out fire when struck by a flint.» « The 
sparks struck out from steel are caused by igneo-nitrous particles 
[i. e. oxygen] of the steel bursting forth with extreme velocity 
on account of the violence of the blow, » thus resembling burning 
nitre since «they burn very readily though struck out from the 
steel in a place where there is no air—which is certainly a clear 
proof that there are nitro-aerial particles in steel. So that to 
strike fire from it there is no need—as in other cases where fire 
is produced—for nitro-aerial particles to be supplied from the 


(82) This is perhaps the narrowest of Mayow’s vicious circles : (a) Because, 
on combustion, air loses elasticity, therefore it contains nitro-aerial particles : 
(b) Since air, in combustion, loses nitro-aerial particles, therefore the elasticity 
of the air is due to nitro-aerial particles. In any case the idea that the elastic 
force of the air is due to nitrous particles, had already been suggested by THRUSTON 
(see back § 73). 

(83) Mayow here adopts the view which had been expressed by THRUSTON 
(see § 73) from Descartes, that cold itself consisted of nitro-aerial particles. 

Cold », he says, « is something positive » and apparently consists of nitro-aerial 
particles which «are either altogether at rest, or advance pointwise, erect like 
spears» (M., p. 90). Therefore when nitro-aerial particles encounter cold, it 
would appear that they encounter only themselves. 
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air.» (M., p. 48). That Mayow jumped to conclusions somewhat 
recklessly is fairly obvious from these passages; and becomes 
more so if his statement be remembered, that «the eye, when 
struck with a pretty strong blow, seems to see a flame in front 
of it. For it is probable that the nitro-aerial particles, thickly 
occupying the optic nerves, are excited by the violent concussion 
to the motion requisite for the production of light. » (M., p. 256). 
We obtain also an idea of his notion of probability. 

§ 119. Again, water freezes because nitro-aerial particles 
become fixed like pegs between the aqueous particles (M., p. 49). 
Nitro-aerial particles in a state of motion produce heat, but in 
a state of rest they produce rigidity and cold, whence it comes 
that «if the hand or other member when stiff with cold be 
brought near the fire it is hurt as if by fire and even destroyed, 
for the nitro-aerial particles which freeze as it were the chilly 
part in which they are fixed, assume also a fiery nature when 
agitated by the heat of the fire and burn it.» (84) (M., p. 49). 

§ 120. Mayow then proceeds to elaborate the hint thrown 
out by THRuSTON (§ 73) and to suggest a cause for the elasticity 
of air, a theory which really may be his own. As he puts it 
himself, «it would certainly be reasonable to suppose that 
nitro-aerial and fiery particles are fixed in the aerial particles 
themselves and constitute the more active part of them. For 
although aerial particles are very minute and are commonly 
regarded as most simple and elementary, still it seems to be 
necessary to suppose that they are compound (85) and that some 


(84) It is interesting to compare with this nonsense, what HARvey had written 
on the subject twenty-five years previously and with which Mayow should have 
been, and probably was, acquainted :—« We have occasion to observe so often 
as our hands, feet, or ears have become stiff and cold, that as they recover again 
by the warmth that flows into them, they acquire their natural colour and heat 
simultaneously; that the veins which had become small and shrunk, swell visibly 
and enlarge, so that when they regain their heat suddenly they become painful; 
from which it appears, that that which by its influx brings heat is the same which 
causes repletion and colour; now this can be and is nothing but blood.» (WILLIs, 
The Works of William Harvey, M. D., Translated from the Latin, 1847, p. 120). 

(85) RODWELL says, Joc. cit., p. 24, « Mayow was the first to discuss the intimate 
nature of an intangible body; other writers had treated of air as a whole, but 
no one had endeavoured to ascertain the nature of its internal constitution. » 
It is possible to agree with RoDWELL here, although Mayow’s attempt was not 


a very successful one. 
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of their parts are branchy and adhere firmly to each other as 
if by mutually clasping hooks; while others are extremely 
subtle, solid, smooth, agile, fiery and truly elementary, and that 
these when firmly fixed among the other particles make them 
rigid in much the same way as rigidity and elasticity are 
induced in iron by nitro-aerial particles communicated to it 
from fire, as I previously endeavoured to show.» (M., pp. 79, 
80; see back § 118). 

§121. This conferring, by the nitro-aerial particles, of elasticity 
upon the air—in something the same way that starch stiffens 
collars—is, again, an entirely gratuitous assumption, but by 
its means Mayow was able to avoid the idea with which his 
eulogists credit him, that one of two aeriform components of 
the air is concerned in combustion and respiration. 

§ 122. Mayow’s notion of the mechanism of combustion 
may now be understood. « We must suppose that the sulphureous 
particles of fire, when thrown into violent agitation, approach 
all the particles of air which are nearest them, and impinge on 
the nitro-aerial particles which the air contains and by their 
collision drive them forcibly out, and that at last from these, vio- 
lently ejected and in vehement commotion, fire is produced. » 
(M., pp. 80, 81). It is, then, the striking out of the nitro-aerial 
particles that is so important; it is the resulting violent agitation 
of the nitro-aerial particles that constitutes fire. Chemical 
combination has nothing to do with it. If nitro-aerial particles 
are to take the form of flame, they must be firmly attached to 
something else; (86) since flame consists of their being violently 
torn from their partner. (M., p. 15). Aerial particles thus 
deprived of nitro-aerial particles « become not only unfit for 
sustaining fire but also change from rigid to flexible and in 
consequence are deprived of their elasticity... Indeed aerial 
particles when passing out from flame appear to be in a condition 
very similar to that of a steel plate which is slowly cooled after 
it has been heated, for this also loses its elasticity as the fiery 
particles extricate themselves from its structure, and becomes 
moreover incapable of having, as before, sparks struck out 


(86) Another indication that Mayow had no notion that air was composed 


of two aeriform constituents. 
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of it by flint. And in fact fire seems to be nothing else than 
a collection of very minute sparks very densely struck out from 
aerial particles by the collision of sulphureous particles. (87) 
For the case is very much as if we were to suppose that 
innumerable little particles of flint and steel collide at the same 
instant with each other. For as aerial particles are solid bodies 
and are rigid like steel plates, they seem to be fit enough for 
having fire struck out of them. »(M., p.81). Surely from Mayow’s 
own perfectly clear and definite pronouncements it must be 
evident that of the modern idea of combustion, he had no 
inkling. Particularly it may be noticed that once the nitro- 
aerial particles are struck out of the air particles, they seem 
simply to disappear. They cannot be said to occupy any volume 
since they can pass through glass and other solid bodies. 
That this was so is shown more completely by some of his 
other speculations. Light passes through an evacuated vessel; 
therefore air is not the medium by which light is propagated; 
further, since heat and fire only arise from nitro-aerial particles 
set in motion, and solar rays collected by a burning-glass can 
ignite gunpowder and sublime sulphur even in a glass from 
which air is exhausted, «therefore it is probable that besides 
the nitro-aerial particles fixed in the aerial particles, other nitro- 
aerial particles are interspersed among them and fill all their 
interstices » (M., p. 136) and «that even in a place deprived 
of air there are nitro-aerial particles », «so that the medium by 
whose impulse the rays of light are propagated seems clearly 
to be nothing else than nitro-aerial particles very densely 
distributed through the atmosphere » and also « dispersed through 
the ether.» (88) (M., pp. 136, 137). Mayow’s apologists omit 
to deal with this point and they do not attempt to reconcile 


(87) In another passage he says, « For it has been shown elsewhere »—but 
Heaven knows where—« that the force of gunpowder is caused by nitro- 
aerial particles bursting out in densest crowd from the ignited nitre.» (M., 
p. 151). 

(88) This seems to be confirmed by the passage of light «with greater 
ease through such bodies as are extremely rigid and crammed with nitro-aerial 
particles—glass, for instance, and similar substances, but above all, aerial 
particles whose rigidity is due to nitro-aerial particles densely infixed in them 
(M., p. 138). 
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the notion with the oxygen theory of nitro-aerial spirit. Which 
is a pity. 

§123. The next passage is particularly important as illustrating 
the difference between Mayow’s ideas and ours. « But you 
will say, if nitro-aerial particles exist in a place void of air, why 
cannot a lamp be kindled and burn there since no requisite is 
lacking for the production of flame. I answer that the sulphureous 
particles of a lamp contribute in no way to produce flame, 
except in so far as they strike out from aerial particles, the 
nitro-aerial particles which, sundered with violence, are thrown 
into fiery motion, as was pointed out above [see § 109]. But 
sulphureous matter seems to be by no means fit for throwing 
into fiery motion the nitro-aerial particles disseminated through 
the ether.» (89) (M., p. 137). So here again we find Mayow 
expressly denying the modern view of combustion, with whose 
discovery he has been credited. According to PRIESTLEY, 
SCHEELE and LAvoIsIER, a candle would burn better in pure 
air than in ordinary air; according to Mayow a candle would 
not burn at all in nitro-aerial spirit. ‘There is absolutely no 
idea whatever of combination of sulphureous and _nitro-aerial 
particles, which, surely, is the essence of the modern view. An 
oxygen in which a candle would not burn does not fit in well 
to LAVOISIER’s system. 

§ 124. On two other subjects Mayow has been credited 
with remarkable prevision—the formation of acids and the rusting 
of iron. Let us consider what he has to say about them. The 
acid spirit of sulphur (sulphuric acid), he thinks, does not 
reside ready-made in sulphur, since sulphur has a sweetish and 
by no means acid taste (M., p. 23). Sulphur contains sulphureous 


(89) Elsewhere Mayow says : « Sulphureous matter, pure and simple, can 
only be ignited by nitro-aerial particles supplied by the air » (p. 43) and, a little 
further on « Such things as exclude nitro-aerial spirit » (whether he means attached 
to air particles or otherwise is not very clear) « protect substances from corruption... 
For sulphureous and nitro-aerial particles, from their mutual enmity, keep off 
and repel each other, as I have attempted to show in another place ». (M., p. 44) 
Then two pages further on he says : « But although nitro-aerial spirit does 
not attack highly exalted sulphureous particles, yet sulphureous particles, when 
in the greatest vigour and agitation, attack nitro-aerial spirit and throw it into 
a very swift and fiery motion. » (M., p. 46) It is not a simple matter to reconcile 
these various passages with each other. 
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(i. e. combustible) particles closely united to a salt of a fixed, 
or rather metallic, nature (M., p. 24). When sulphur burns, 
its combustible particles are thrown into fiery motion with the 
nitro-aerial particles of the air, during which the particles of 
fixed salt mentioned above «are by frequent impacts of the 
nitro-aerial particles struck, rubbed and comminuted, so that 
the saline particles... are at last sharpened like small swords 
and are moreover so attenuated as to be changed from rigid 
and solid into flexible and fluid particles. The saline particles 
of the sulphur in fact which were previously of a fixed nature 
change, after they are thus sharpened and made fluid, into an 
acrid and acid liquid, and probably constitute the common spirit 
of sulphur » (go) (M., p. 25). This method of formation he takes 
to be «a probable conjecture; for otherwise I have no notion 
how the acid spirit is produced. » (M., p. 26). Since his conjecture 
was wrong, we may accept his own statement that he had indeed 
no notion how the acid spirit was produced. 

§ 125. The preparation of oil of vitriol from vitriol by 
distillation is similar. The nitro-aerial particles of the fire rub 
down the metallic sulphur particles of the colcothar so as to 
sharpen them and bring them into a fluid state (M., p. 26). 
Thus the spirit of sulphur or the oil of vitriol seems to be 
originally contained in the sulphur or vitriol after all, but in 
a different physical condition. There is no suggestion whatever 
of the combination of nitro-aerial particles with the sulphur to 
produce the acid, and anything less like the modern theory of 
LAVOISIER it would be very difficult to imagine. And yet YEATS 
describes this absurd nonsense as « exactly similar to the explanation 
which the new discoveries have given rise to.» (loc. cit., p. 22). 
« The sulphuric acid, he [Mayow] says, is formed by the union 
of fire—air particles with the sulphur, during combustion » 
(loc. cit., p. 23), which, in fact, is practically the opposite of what 
Mayow really does say. It is almost incredible that anyone 


(90) This purely fantastic nonsense is confirmed, Mayow thinks by the appear- 
ance of the flame of sulphur. Since in this flame the nitro-aerial particles do 
not shine ruddily and glow, « but owing to their diminished motion appear blue, » 
it seems that some third substance (the fixed salt) is interposed between the nitro- 
aerial and sulphureous particles, the former being thereby hindered in their 
motion. (M., p. 25). 
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should deliberately produce such a travesty of an author’s words 
and meaning, as YEATS succeeded in doing. 

§ 126. Regarding the rusting of iron, YEATs is, if it be 
possible, even more misleading. « The rust of iron appears .... 
to be produced by the nitro-aerial particles, attaching to the 
metallic sulphur of the iron... Has he [Mayow] not here 
anticipated the modern chemists, in their ideas of an oxyde?» 
(loc. cit., pp. 24, 25). The answer is in the negative. What 
Mayow says is this : « But indeed iron rust also, which has a 
vitriolic nature, seems to be produced by the action of nitro- 
aerial particles meeting with the metallic sulphur of iron, for 
the saline particles of the iron when brought into a fluid 
condition in the manner aforesaid corrode and dissolve its metallic 
particles; and from these combined, rust or a sort of imperfect 
vitriol is produced—very much as if the iron had been smeared 
with some acid liquid.» (M., p. 29). The nitro-aerial particles 
rub down the saline particles of the iron, thus converting them 
into an acid fluid which then combines with the metallic 
particles of the iron. There is no question whatever of attachment 
of nitro-aerial particles; the nitro-aerial particles do the work 
of comminution, but remain outside of the reaction. And yet, 
according even to Ramsay, Mayow forced «precisely similar 
doctrines » to those of LavoisiER upon the attention of the 
scientific world », whilst GUNTHER (/oc. cit., I, 32) holds that 
Mayow «chad grasped the essential facts about the formation 
of acids and oxides, and had thus anticipated the work of 
LAVOISIER by more than a century», and Gotcu remarks that 
« Mayow’s account of the formation of acids and of oxides is 
in all essentials that elaborated a century later by LAvoIsIER... 
The rusting of iron in air was in his view the fixation of 
nitro-aerial particles by the surface parts of the iron, and in a 
similar way other metals could fix these particles, forming nitro- 
aerial compounds; he had thus grasped LAvolsiER’s conception 
of oxides.»!! (loc. cit., p. 27). 

§ 127. Of one other phenomenon dealt with by Mayow 
his explanation, taken by itself, sounds ‘particularly modern, 
and was favourably commented on even by THOMSON, namely, 
his explanation of the calcination of antimony. Regarding 
this he says, « Finally, the nitro-aerial particles in the flame 
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produced by solar rays collected by a burning glass are particularly 
bright. (91) This celestial flame appears to be due merely to 
the nitro-aerial particles of the atmosphere set in fiery motion 
by the action and intense impulse of light. And this we must 
suppose is the reason that antimony, when calcined by the solar 
beams, is fixed and made diaphoretic, just as if it were changed 
into Bezoardicum minerale by spirit of nitre poured upon it and 
drawn off again and again. ... Nor should it be overlooked 
that antimony, calcined by the solar rays, is considerably 
increased in weight, as has been ascertained by experiment. 
Indeed, we can scarcely imagine any other source for this 
increase of the antimony than the nitro-aerial and igneous particles 
fixed in it during calcination. » (gz) (M., pp. 20, 21). This is 
really the same as BoyLe’s idea of increase of weight of a metal 
by absorption of igneous particles (see § 78). 

§ 128. This passage, which has received great approval, 
is utterly confused in itself because, of course, the concentration 
of light waves at the focus of a burning glass is in no way due 


(91) « It is not impossible that fire may be produced without the presence 
of sulphureous particles. The fire from the solar rays when condensed by a 
burning-glass, and the other celestial fires appear to be of this sort. For although 
sulphureous particles are absolutely necessary for kindling the kitchen fire, yet 
I do not think they exist in celestial fires, as I shall endeavour to show below. » 
(M., pp. 17, 18). The sun... appears to be nothing but an immense chaos 
of nitro-aerial particles carried round in a perpetual whirl with the swiftest motion. 
Indeed, I think, there is very little difference between the light of the sun and 
its rays collected by means of a burning-glass, in which nitro-aerial particles are 
engaged in igneous motion without accompanying sulphureous particles.» (M., 
p. 89). Nitro-aerial particles agitated with swiftest motion constitute the solar 
body and fiery chaos.» (M., p. go). 

(92) Of course the whole credit for this experiment is attributed by the com- 
mentators, except perhaps Beppors (Analysis, p. 16), to Mayow; see YEATS 
(loc. cit., p. 13); Gotcn (loc. cit., p. 25) and GUNTHER (on § 129). It may be noted 
that on July 20, 1664, «Dr. Gopparp gave an account of calcining antimony 
in the sun with a burning-glass, viz. that he had found it so far from increasing 
its weight, that the weight was decreased from twelve grains to between three 
and four. Mr. Boy.e affirmed, that he had the like success in such an experiment. » 
(Bircu, Hist. Roy. Soc., 1756, 1, 452). Referring to this subject DoNNAN (OstT- 
WALD’s Klassiker der Exakten Wissenschaften, 1901, No. 125, p. 15, m. 15), says 
that by « antimony » Mayow meant antimony sulphide. It is true that Mayow 
does apparently refer also to antimony sulphide (e.g., M., p. 163), but antimony 
sulphide would not increase in weight on calcination. Conflicting results were 
likely to be obtained by use sometimes of the sulphide and sometimes of the 
element, under the same name. 
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to the presence of nitro-aerial particles—i. e., of oxygen; and, 
if Mayow’s theory were correct, it would follow that the 
calcination of antimony would take place in a vacuum, 
which is, according to Mayow, still full of nitro-aerial spirit. 
Nevertheless it is consistent with MaAyow’s notion that heat 
is due to absorption of igneous (or nitro-aerial) particles; (93) 
and it was an idea that might have put him on the way to anticipate 
Lavoisier, but, in fact, he did not accept it. « How has this 
excellent observation been thrown away upon the Stahlians » 
exclaims YEATS (loc. cit., p. 14). And how, we may add, was 
this excellent observation thrown away on Mayow himself; it 
did not in the slightest degree affect his ideas of ordinary 
combustion. The difference between Lavoisigrk and Mayow 
appears more clearly here than almost anywhere else. LAVOISIER 
did apply the lesson of the increase in weight of metals on 
calcination, to ordinary combustion : Mayow did not, and had, 
in fact, no idea of the relationship : ordinary combustion and 
calcination were, to him, entirely different processes. It is 
just on such matters that Mayow’s eulogists are so completely 
misleading, they ignore this important point entirely. 

§ 129. Thus GUNTHER says, « By heating antimony in an 
enclosed volume of air in the sun’s rays focussed upon it by 
a lens, he noticed that the antimony became a calx, increased 
in weight and that the volume of the air lessened. ,Can we’, 
says he, ,conceive whence that increase of weight is derived, 
except from the fixation of something in the air?’» (loc. cit., 
I, 31, 32). The second sentence purports to be an extract from 
Mayow himself, being placed in inverted commas. In the 
Tractatus quinque the whole passage runs: « Neque illud pre- 
tereundum est, quod Antimonium radiis solaribus calcinatum, 
haud parum in pondere augeter; uti experientiad compertum 
est : quippe vix concipi potest, unde augmentum illud Antimonii, 
nisi 4 particulis nitro-aereis, igneisque, ei inter calcinandum 
infixis, procedat.» (pp. 28, 29; M., pp. 20, 21). It will be 
observed that Mayow says nothing about an enclosed volume 
of air; he does not say that he himself had noticed the 


(93) Which in this case, however, could obviously not be our oxygen. Mayow 
would not have regarded this as the action of air at all. 
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phenomenon ; and, above all, he says no word about the volume 
of the air having been lessened, nor of the fixation of something 
in the air—four quite serious mistakes in five lines. The thing 
which is infixed in antimony during calcination, according to 
Mayow, is not something contained in the air, not the particles 
associated with aerial particles, but particles which he regarded 
as external to the air and independent of it, and which had some 
of the properties of our aether. (94) GUNTHER completely distorts 
the sense, and his statement shows how strong is the unconscious 
tendency to read into the writing of an older author what modern 
views would require. It is exactly these subtle misquotations, 
however, that have given rise to an entirely erroneous view of 
Mayow’s services. BEDDOES says MAyow « was well aware of 
the cause of the increase of weight in metallic calces, » (loc. cit., 
Preface p. XXII), but is it really possible for anyone properly 
to understand this reaction when he supposed that it had 
nothing whatever to do with the air, and that it would have 
taken place, according to his views, equally well in vacuo, being, 
in fact, caused by absorption of the material to which the 
propagation of light is due? 

§ 130. A few words must now be added regarding MAyow’s 
later views of the mechanism of respiration in the light of his 
1674 conception of the nature of air, remembering that the 
chief object of this paper is to point out the difficulties they 
would present to his contemporaries, and thus to account for 
their rejection. In the Tractatus quinque (M., pp. 72, 73) he 
described an experiment, in which air standing over water 
underwent an apparent contraction in consequence of the breathing 
of an animal. This may have been his own experiment or it 
may not; it is described in the same kind of way as that of a 
candle burning over water, which was certainly not his experiment. 
Although it is, in my opinion, very doubtful whether this 
experimental evidence alone is sufficient to prove conclusively 
the analogy between combustion and respiration, Mayow 
apparently, like others before him, adopts the view that the 
processes are similar. But his view of the mechanism of 


(94) Although in the modern view aether would always be contained in air, 
we do not regard the aether as part of the air. 
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respiration is by no means clear. In one place he says that the 
chief use of respiration «is that particles of a certain kind, 
absolutely necessary for the support of animal life, may be 
separated from the air by means of the lungs and mixed most 
minutely with the mass of the blood » (M., p. 93), a view which 
had already been put forward by THruston, but especially by 
Lower. This view Mayow considered to be supported by 
an experiment in which the substance which we now call nitric 
oxide when mixed with air gave a contraction (M., pp. 94, 95), 
which he estimated with considerable accuracy, as one-fourth 
of the volume of the air (M., p.97). He attributed this contraction 
to the striking out, from the aerial particles, of the nitro-aerial 
particles, and concluded that, after a certain amount of nitric 
oxide had been added, the aerial particles had been impaired 
to the maximum extent. (95) (M., pp. 97, 98). 

§ 131. This is one of the passages of Mayow which strike 
us at first sight as acute, and regarding which we almost 
unconsciously supply a great deal that was quite unknown to, 
and unsuspected by, Mavow. One of Mayow’s contemporaries 
faced with this experiment and explanation, would naturally 
ask what had happened to the nitric oxide, a point which MAyow’s 
explanation entirely ignores. We are apt tacitly to include 
the combination of oxygen with nitric oxide to form nitrogen 
dioxide, and the solubility of that substance in water. This, 
however, was absolutely unthought of by Mayow, and, although 
his suggestion had some merit, it is utterly inadequate as a 
convincing explanation of the whole phenomenon. 

§ 132. It confirmed him, however, in the view that « the 
nitro-aerial particles which are extremely subtle and nimble 


(95) As a further example of the careless manner in which Mayow’s achieve- 
ments are recorded, the following passage may be quoted from BuGce, Das Buch 
der grossen Chemiker, 1929; « Schon ein Jahrhundert friiher hatte Joun Mayow 
(1645-1679) in seinen « Tractatus quinque physico-medici» die Entdeckung 
dieses Gases [i.e. nitric oxide] mitgeteilt (1669) und angegeben, dasz es sich 
unter Rotbraunfarbung und Temperaturerhéhung mit Luft vereinige. » (pp. 267, 
268). This short passage contains at least four serious mistakes, for, (1) MAYow 
was probably born in 1643; (2) the Tractatus quinque was published, not in 1669, 
but in 1674; (3) the preparation of nitric oxide had already been described by 
BoyLe in 1660 (see § 31); (4) Mayow does not consider that nitric oxide combines 
with air; and (5) he does not mention the production of a brown colour. 
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are extracted and in a sense struck out from the aerial particles, » 
the « aerial particles enter the mass of the blood and are there 
deprived of their nitro-aerial particles.» (M., p. 94). And, 
alluding presumably to the nitric oxide experiment, he says, 
further on; «it was elsewhere shown that nitro-aerial particles 
are detached from the aerial particles by the fermentation of 
the blood, and that these, in animals, serve the purpose 
of respiration.» (M., p. 220). In dealing with the respiration of 
the chick in the egg, however, he alters the mechanism and 


c 


suggests that nitro-acrial spirit « entangled » in the white of the 
egg is the active agent. (M., p. 220). « The air stored in the 
egg» (by entanglement apparently—not the air contained in 
the cavity in the blunter end of the egg, M., p. 222) «is not 
common air but is that aerial something which is separated from 
common air by the action of the lungs » (M., p. 219), of which 
error, he had, of course, no proof. Then he adds a passage 
which, although at first sight it seems exceedingly correct, 
really shows that he had no sound view on respiration at all : 
«For», he says, «the chief use of the respiration of animals 
is to introduce nitro-aerial particles into the mass of the blood, 
and it does not matter how this is done.» (M., 220, 221; see 
§ 23). 

§ 133. On careless reading, these passages, especially when 
separated from one another, as they occur in the book, may 
suggest something like the modern theory of respiration, but 
this is only possible by ignoring the difficulties which would 
immediately strike Mayow’s contemporaries, and regarding 
which Mayow has nothing to offer. In the first place MAyow 
seems to confuse two different phenomena : one, namely, in 
which « nitro-aerial particles are detached from the aerial particles 
by the fermentation of the blood » (M., p. 220)—one by which 
nitro-aerial particles may be got into the blood, one which agrees 
with his idea of combustion, and which is at least comprehensible ; 
and another in which nitro-aerial spirit mixed with saline- 
sulphureous particles of the blood excite in it the necessary vital 
fermentation. (96) It is not clear whether Mayow considered 

(96) « Nitro-aerial spirit when mixed with the saline sulphureous particles 


of the blood appears to excite in it vital fermentation » (M., 101); « it is probable 
that nitro-aerial spirit, mixed with the saline sulphureous particles of the blood, 
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these to be different, but if he did, his statement that nitro- 
aerial spirit excites a vital fermentation with the sulphureous 
particles of the blood is only a phrase to cover up a mystery, 
a mere periphrasis for ignorance, since Mayow has nothing 
to say as to its character or purpose, and, of course, still much 
less anything in the nature of a proof. 

§ 134. Besides this, however, there is the further very great 
and still more obvious difficulty that if the purpose of respiration 
is merely to introduce nitro-aerial particles into the mass of 
the blood, this might as well be done by the nitro-aerial 
spirit which, according to Mayow, is densely distributed 
throughout the whole atmosphere, and must permeate all bodies, 
as by the nitro-aerial particles adhering to the particles of 
air. If the whole atmosphere is full of nitro-aerial spirit which 
can get into the blood or into the egg quite easily without 
respiration, the use of respiration is obviously still to seek. 
Where is the necessity for the elaborate process previously 
mentioned, of the striking out of the nitro-aerial particles from 
the aerial particles by the blood itself (M., p. 94), if the lungs 
are constantly full of nitro-aerial spirit? If «it does not matter 
how the nitro-aerial particles are introduced into the mass of 
the blood » then an animal ought to be able to live in a vacuum 
which, according to Mayow, is still full of nitro-aerial spirit. 
But since he says in one passage (M., p. 184) that particles 
suitable for respiration cannot pass through glass, it would appear 
that only air particles with adherent nitro-aerial particles are 
suitable for respiration. If the reader, having divested his mind 
of the advances which have been made in chemistry since 1674, 
will consider these points he will see that Mayow’s theory did 
nothing at all to clear up the phenomenon of respiration; and 
that to his contemporaries its flaws must have been far more 
obvious than any virtues which the modern commentators have 
supposed to lurk in it. 

§ 135. Mayow’s view’s on combustion are clearly enough 


excites in it the necessary fermentation » which is not to be supposed as taking 
« place in the heart alone », « but... first in the pulmonary vessels and afterwards 
in the arteries no less than in the heart » (M., 206); « the effervescence of nitro- 
aerial and saline-sulphureous particles, which mutually, as their nature is, excite 
themselves to a most rapid motion.» (M., 247). 
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expressed for us to see that they quite wrong, and that his 
contemporaries were justified in rejecting them. His views on 
respiration, however, are so vague as to be incomprehensible 
to us, and can have conveyed no meaning at all to his 
contemporaries. There is one supreme, clear cut and definite 
test which applies to both. It is evident, that, according to 
Mayow’s views a candle could not burn nor an animal breathe 
in nitro-aerial spirit, and as this is the direct antithesis to the 
modern view, it must be obvious that Mayow has no claim 
whatever to have anticipated the modern view. His language 
did not convey and could not convey either to his contemporaries 
or to himself anything like the modern conception. 

§ 136. Mayow’s other purely physiological views, which 
I am less able to discuss, appear to be just the same mixture 
of vague assertions about nitro-aerial particles with other perfect 
nonsense, as those already dealt with. As regards muscular 
motion, his views on which have been highly extolled, he 
concludes «that nitro-aerial particles are necessary for the 
performance of muscular contraction» (M., p. 245), and that 
‘the motion of the muscles is brought about by particles of different 
kinds mixed with one another,» but his only reason is that he 
‘cannot imagine how else animal motion would be produced » 
(M., p. 245), omitting, however, to explain how this is going 
to produce it. The contraction of the muscles is « accomplished 
instantaneously » (M., p. 247) and he knows of no suitable 
fermentation except «the singular case of the effervescence of 
nitro-aerial and saline sulphureous particles, which mutually, as 
their nature is, excite themselves to a most rapid motion. » (M., 
p. 247). « We must, therefore, believe that the heat of strongly 
contracting muscles comes from nitro-aerial particles, at that 
time much agitated in the muscles.» (M., p. 249). To what 
extent these assertions are helpful may be left to the reader’s 
judgment. 

§ 137. On the nature of the animal spirits, MAayow has a 
good deal to say. In the De Respiratione (1668), he thinks that 
they are « made up of a very volatile salt, and not much differing 
from the distilled spirit of blood, highly rectified» (p. 51; see 
§ 62), a view which seems similar to that of WILLIs, which MAyow 
quotes in 1674 (M., p. 251). But it is not surprising that he 
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soon comes to the conclusion that «animal spirits consist of 
nitro-aerial particles » (97) (M., p. 251), which, it seems, « pass 
in a moment through the filaments of the nerves, although these 
have no visible cavity; and brought at last to the muscles, cause 
their instantaneous contraction by their own most rapid motion. ) 
(M., p. 252). It will be noticed that this is in fact quite different 
from the «explosive combination in the muscles of nitro-aerial 
spirit and combustible material» attributed by HALDANE to 
Mayow (see § 20). Two other pronouncements may not be 
omitted : « Further,» he says, « the animal spirits, like the nitro- 
aerial particles, are so slender that they are at once dissipated 
and leave no vestige of themselves » (M., p. 252), although, some 
sixteen lines before, he imagines « the animal spirits to be of such 
a sort that they never undergo change. » (M., p. 251). Obviously, 
the contemporary reader was left, on some rather difficult points, 
without much guidance. 

§ 138. Mayow was distressed—just as PRIESTLEY was, later 
on, when oxygen had really been isolated—by the reflection 
that if air is vitiated and exhausted by combustion and by the 
breathing of animals, the whole atmosphere would soon be used 
up and that our lives should be a perpetual pilgrimage hunting 
for aerial nourishment (/M., p. 88); and he therefore proceeded 
to work out a cycle by means of which the air should be kept 
constantly in a state fit for respiration and combustion, an 
exercise in which his ‘clear thinking’ is admirably exemplified. 
« Air is deprived, by respiration and by the burning of fires, 
of certain solid and heavy particles, because it becomes lighter 
when it passes out from flame’‘or from the lungs of animals. » 
(M., p. 88). Then, having described these particles as « solid 
and heavy», and said that by their removal from air the latter 
becomes lighter, Mayow adds, quite illogically, on the next 
page : «It is probable that nitro-aerial particles, being extremely 
small and volatile, float in the higher regions of the air, and that 
when in sufficient abundance they constitute, in accordance 


(97) « Nitro-aerial particles... are themselves the animal spirits. » (M., p. 250). 
« I conclude that it is to some extent made out that nitro-aerial particles, transmitted 
by means of respiration to the mass of the blood and thence to the brain, are the 
animal spirits themselves.» (/., p. 255). 
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with their diverse conditions, the elements either of fire or of 
cold.» (98) (M., p. 89). 

§ 139. Expired air being thus, according to Mayow, lighter 
than ordinary air, the aerial particles «ascend (gg) until they 
arrive where nitro-aerial particles moving with the greatest 
rapidity constitute the element of fire » : and here « the aerial 
particles on entering the fiery element in the manner described, 
immediately glow and are impregnated anew with nitro-aerial 
particles, and are moreover rendered heavier by the accession 
of the nitro-aerial particles.» (100) (M., pp. 91, 92). These 
compound particles then descend again to the earth ready to 
undergo another turn of this cycle. 

§ 140. It will be seen that Mayow’s faith in nitro-aerial 
particles was certainly robust. In addition to other phenomena 
already quoted, the heat of friction «is probably due to nitro- 
aerial particles residing in those bodies and thrown into motion 
by vehement rubbing » (M., p. 46). Also «the eye, when struck 
with a pretty strong blow, seems to see a flame in front of it. 
For it is probable that the nitro-aerial particles, thickly oc- 
cupying the optic nerves, are excited by the violent concussion 


(98) Nitro-aerial particles at a distance from the sun « cease altogether from 
their whirling movement and are either altogether at rest or advance pointwise, 
erect like spears, and... in this state they constitute that other element of cold. » 
(M., p. 90). Also since the flame of sulphur is blue, due to the sluggish motion 
of the nitro-aerial particles, and since steel when cold after tempering is blue, 
and its rigidity is due to nitro-aerial particles, therefore blueness is due to quiescent 
nitro-aerial spirit, whence it follows that the blueness of the sky is due to the 
fact « that nitro-aerial particles are crowded in the highest region of the air. » 
(M., p. 91). 

(99) We have therefore the curious phenomenon of a body being separated 
into two constituents, one light and the other heavy and both ascending into 
the upper regions of the air. 

(100) GUNTHER (/oc. cit., I, 33) says that NEwTON seems wholly to have ignored 
Mayow’s work. But does this really seem strange in view of Mayow’s remarkable 
contributions to the subjects of light and gravitation? BEDDOEs (Analysis, p. 41) 
expresses astonishment that Mayow should not «have struck out his errors » 
regarding light from his treatise, on account of the publication of NEwTon’s 
first paper on the subject in Feb. 167 '/,; and he then passes over some parts 
of Mayow’s book with a mere allusion to the « crude speculations and groundless 
conjectures » which «stain the pages» which he passes over. It is however 
just this « passing over» of parts of Mayow which has given him so fictitious 
a reputation. The parts passed over by BepDOEs have a very important bearing 
on Mayow’s views. 
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to the motion requisite for the production of light. » (M., p. 256). 
And, further, it «seems established that the much-talked-of 
ferment of the stomach consists chiefly of nitro-aerial particles » 
(M., p. 226); that «saliva seems to consist of nitro-aerial 
particles deposited in the maxillary glands by the nerves and 
there mixed with a serous juice derived from the blood » (M., 
p. 267); and that, «If the stomach be quite empty of food, its 
internal membranes are, as is probable, pinched by the nitro- 
aerial particles, and hunger seems to arise from this » (M., p. 267). 
Of nitro-aerial particles there is undoubtedly much talk, but 
the talk is utterly irrational; and, of convincing logic based on 
experiment, there is in fact none at all ; nor, at that time, 
could there have been much. Mayow merely attributes every 
phenomenon he deals with to nitro-aerial particles. Amongst 
all these speculations it is not surprising that some should vaguely 
seem to accord with modern notions, but these suggestions were 
so uncertain that they might just as well have stimulated Mayow’s 
contemporaries into an investigation of the pinching of the 
stomach by nitro-aerial particles as to that of the flow of nitro- 
aerial particles along a nerve fibre, or to the calcination of metals. 

§ 141. The fact is that nitro-aerial particles were to MAYow 
a deus ex machina. His fancy ran riot over them. Whenever 
he was in a difficulty he conjured them to his aid, as will be 
seen if we collect his various pronouncements on the subject. 
(1) They are affixed to the particles of air, and it is only these 
particles which play a part in combustion. (2) The whole ether 
is full of nitro-aerial particles which play no part in combustion 
or in respiration, (except in the case of the chick in the egg, 
see § 132); they do, however, take part in the calcination of 
antimony (because they are the material of heat). The phenomena 
of calcination and combustion are therefore not analogous. 
(3) These free nitro-aerial particles are the substance of which 
the sun is composed. (4) They are also the vehicle of light 
and are especially densely concentrated at the focus of a burning- 
glass, even in vacuo. (5) They are supposed to confer spring 
upon the air particles, and to confer rigidity on substances like 
iron, glass and ice. (6) Since they make particles of air heavier 
(specifically), they must themselves be heavier than air, but, 
(7) they float in the upper atmosphere, and therefore must be 
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lighter than air. (8) Moreover they pervade the whole of space 
and it would therefore be difficult for them either to float up 
or sink down. (9) They are so slender that they are at once 
dissipated and leave no vestige of themselves, and yet are of such 
a sort that they never undergo change. (10) Agitation of nitro- 
aerial particles is the cause of heat (M., pp. 19 and 79). 
(11) Quiescence of nitro-aerial particles is the cause of cold. 
(12) Lightning also seems to consist of nitro-aerial particles 
forced into motion (M., p. 149). (13) The thermal springs of 
Bath are heated by nitro-aerial particles (M., p. 180). (14) A 
blow on the eye produces the effect of light owing to liberation 
of nitro-aerial particles from the optic nerve, and (15) hunger 
is due to the pinching of the stomach by the nitro-aerial particles. 
BEDDOES, it would seem, has rather understated the case when 
he says that Mayow «perceived the action of dephlogisticated 
air in almost all the wide extent of its influence. » (see § 7). In 
a letter dated July 10, 1674, OLDENBURG, writing to BOYLE says, 
«I hear some very learned and knowing men speak very 
slightly of the quinque Tractatus of J. M. and a particular friend 
of yours and mine told me yesterday, that as far as he had 
read him, he would shew to any impartial and considering man 
more errors than one in every page.» (BoYLE’s Works, 1744, 
V,395b). These learned and knowing men had sounder judgment 
than BEDDOEs. 

§ 142. It is very important to remember that when Mayow’s 
volumes were perused by his contemporaries, it was just as 
absolutely impossible for them—even for ROBERT BOYLE and 
for Isaac NEwTON—as it was for Mayow himself, to decide 
which of his speculations were going to delude writers of later 
ages into the idea that they resembled those of LAvolsiEr. 
Moreover, it was clearly impossible for Mayow, with the knowledge 
available at that time, to explicate either the process of combustion 
or the process of respiration. For the explanation of these 
processes a knowledge of the composition of carbon dioxide 
is absolutely essential, and Mayow could not have anticipated 
LAVOISIER, whose great merit it is to have established the 
composition of carbon dioxide, and thereby to have furnished 
the explanation of combustion and of respiration. Mayow 
could not have satisfied BoyLe on these points, and very much 
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less is he likely to have satisfied BoYLE with the various other 
speculations regarding the properties, which have been dealt 
with above, of nitro-aerial particles. BoyLE would have had 
to consider all the points raised by Mayow, and if the wildly 
speculative character of some of these views tended to obscure 
such importance as the others might have—and that they had 
any importance is very doubtful—the fault was obviously Mayow’s. 

§ 143. I hope it is now clear that Mayow’s book is in reality 
merely a mass of speculations almost entirely unsupported by 
any kind of evidence; and, where there is evidence, very little 
indeed of it was supplied by Mayow. The knowledge, gradually 
and painfully amassed during the last two hundred and fifty 
years, enables us to separate from the rest a few statements which, 
in wording, present some resemblance to modern views; the 
others we reject as absurd. Surely it must be clear that since 
Mayow was quite unable to discriminate, as we can, amongst 
his various speculations, he cannot possibly have been in possession 
of the same guiding ideas that we have. If he had been, he could 
have done the sorting out himself. If he had thought, for 
example, that combustion consisted in combination of sulphureous 
with nitro-aerial particles, he would hardly have denied that 
a candle could burn in nitro-aerial spirit. If he had known that 
nitro-aerial spirit (oxygen) is a gaseous constituent of the atmos- 
phere, he would hardly have denied that it could be exhausted 
from a vessel along with the rest of the air by means of a pump. 
Mayow’s contemporaries were in exactly the same position 
as Mayow. They were not prophets; they could not apply 
discoveries, still in the womb of time, to the testing of Mayow’s 
ideas; there is, indeed, something peculiarly naive in the notion 
that BoyLe, Newton, Hooke and others should have discerned 
in Mayow’s work, and have picked out for commendation, certain 
special features, when the great genius MAyow was quite unable 
to do it for himself. 

§ 144. The really great pioneers of science, in describing 
their experiments and their views, never mix them up with 
absolute nonsense. ‘They may, and doubtless do, make suggestions 
or draw conclusions which later work does not confirm, but 
they seldom allow their fancy to stray much beyond what are 
genuine logical consequences of their experiments. The fact 




















JOHN MAYOW. — IN CONTEMPORARY SETTING 533 


that Mayow’s Tractatus quingue, where it is original, is mostly 
a string of baseless and absurd assertions, must infallibly rule 
him out of the company of even third-rate scientists. He had 
very little of real novelty to say that was worth saying, and had 
he confined himself to that, two or three pages in the Phil. Trans. 
would amply have sufficed. 

§ 145. It is no part of the object of this paper to attempt 
to deprive Mayow of any honour which may be his due, and I 
may therefore state what seem to me to be novelties in the 
Tractatus quinque. As has been pointed out, he is credited 
with many things which were quite definitely mentioned, before 
Mayow wrote, by other people. The relationship between 
combustion and respiration was one that had been recognised 
for a long time. There is no doubt that the burning of a candle 
in air contained in a vessel over water was already well known. 
I am, however, not aware of any description of a corresponding 
experiment in connection with respiration, although it seems 
not unlikely that such an experiment had been carried out before 
Mayow’s time. Mayow does give a description of such an 
experiment and states that there is a diminution in volume of 
the air. (101) He may therefore have provided an ocular 
demonstration of what had already been intimated by PARACELsus. 
It is stated by YEaTs that Mayow invented a pneumatic apparatus, 
and that he collected gases in a way not known before. This, 
however, is quite untrue. (see § 37). Not merely did Mayow 
collect the hydrogen which he prepared, in the same way that 
BoyLe had already collected it, but he even mentions that his 
experiment is similar to that of BoyLe. (M., Chap. IV; see § 31). 
Mayow prepared nitric oxide, but BoyLe had prepared nitric 
oxide in the same way before him. So far, therefore, there 
is nothing that is specially original in Mayow’s work. He did, 
however, in an ingenious manner show, that what we call hydrogen 
and nitric oxide expand in the same kind of way as air : that is 
to say, obey Boyie’s Law. And he also carried out with 
equal skill the experiment with nitric oxide and air, already 


(101) Goopwyn (Connexion of Life with Respiration, 1788, note pp. 51, 52) 
says that the difference in volume between the air taken into the lungs and that 
given out had been measured by BoyLe and MusSENBROEK long ago, but I cannot 
find any such experiment in BoyLe’s works. 
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mentioned in § 130. These are practically all of the chemical 
experiments on respiration and combustion attributable to Mayow 
and they can hardly be regarded as amounting to very much, 
or as entitling him to share, as Beppogs hopes he will (loc. cit., 
Preface, p. XXxIx) «the glory of VERULAM and NewrTon, and 
be named with due respect by all, by those especially who have 
never looked into his works.» A curious passage the last, for 
it is indeed only those who have not examined Mayow’s work 
critically who can indulge in dithryambic rhapsodies regarding 
his achievements. The idea of placing MAyow on a level with 
NEWTON is hardly likely to be endorsed by any one who really 
appreciates Mayow’s ideas about nitro-aerial particles. 

§ 146. The modern commentators seem all greatly puzzled by 
the fact that Mayow’s contemporaries paid no attention to his 
work. (102) YEaTs thought it ‘very singular’ (loc. cit., p. 105n; 
see § 75) and fancied that there was « a jealousy entertained against 
Mayow, for the new doctrines which he had so boldly and so 
confidently asserted.» (loc. cit., p. 124). BEDDOES, referring to 
the notice in the Phil. Trans. (1674, 9, No. 105, July 20, p. 101) 
of Mayow’s Tractatus quinque, speaks of that sullen reviewer 
« who could never once prevail on himself to smile upon the fair 
features of this new-born offspring of Science » (Analysis, p. 56), 
and appears to find in it «something of an attempt to exalt 
BoYLe at MAyow’s expence; an attempt not necessary to support 


(102) PLot, in his Natural History of Oxfordshire, 1677, says: « The Ingenious 
JoHN Mayow L. L. D. and Fellow of All-Souls College, but Student in Physick, 
has lately also taught us that the Air is impregnated with a Nitro-aerial Spirit, 
and that it is diffused almost through the whole System of Nature; that Fire it 
self, as to its form and essence, is nothing else but this Nitro-aerial Spirit put 
into motion, and that all Fermentations, whether tending to generation, perfection, 
or corruption, also depend on this Spirit, with many other Phaenomena of Nature ; 
all which he has ingeniously deduced from his Nitro-aerial principles, and confirmed 
them by Experiments. 

« He has taught us also in his Treatise de Motu musculari, that whereas Anatomists 
have hitherto persuaded us, that the carneous Fibres chiefly make the contraction 
in Muscles, that it is much more probable that the Fibrillae, transversly set into 
the greater Fibres, are the immediate instruments of that motion, by reason as 
well of their position as cize and number. And he has given the best account 
that I have any where met with, of the reason of the Jncurvation of the Leg-bones 
and Spina dorsi, in the disease called the Rickets. » 

ANTHONY Woop remarks that Mayow’s published books « shew the pregnancy 
of his parts.» (Athenae Oxonienses, 2nd Edn., 1721, Il, 637). 
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the reputation, and surely altogether repugnant to the mild and 
modest disposition, of that most amiable of philosophers » (Preface, 
p. Xxxiil). Nevertheless Beppogrs did not himself object to 
exalt Mayow at BoyLe’s expense. He seems to credit Mavow 
with being the first to have a real knowledge of the composition 
of nitre (Analysis, pp. 2, 3); with showing that gunpowder will 
burn in absence of air (Analysis, pp. 7, 8); and with the discovery 
that arterial blood will effervesce in the receiver of an air pump 
(Analysis, pp. 54, 55; M., p. 103) as if they had never been 
mentioned by BOYLE (103). 

§ 147. Ramsay remarks that « MAYOW was a contemporary 
of BoyLe, and frequently made use of BOYLE’s experiments 
in support of the theories which he advanced. Curiously enough, 
while BoyLe seems to have read Mayow’s work (104), he does 
not appear to have been favourably impressed by his conclusions. 
Boye at the age of fifty-two (105) had doubtless formed his 
own opinions and was unwilling that they should be disturbed 
by the speculations, well founded though they were, of so young 
a man.» (Gases of the Atmosphere, p. 18.) Now, if there is one 
thing that we might safely postulate regarding RoBert BOoyYLe, 
it is openness of mind and readiness to consider all scientific 
questions in a genuinely philosophic spirit. It is absurd to credit 
him with any kind of prejudice, except one in favour of the idea 
that opinions ought only to be founded upon definitely established 
facts. As already remarked (§ 32), in his reference to PARACELSUs, 
BOYLE expresses this attitude when he says, regarding the view 
that in combustion and respiration something was taken from 
the air, it «should not be barely asserted but explicated and 
proved », and he also says that whilst he holds the depuration 
of blood in its passage through the lungs to be one of the 
principal uses of respiration, he adds, «I am apt also to suspect, 
that the Air doth something else in Respiration, which hath not 
yet been sufficiently explain’d; and therefore, till I have examin’d 
the matter more deliberately, I shall not scruple to answer the 


(103) BoyLe’s Experiments on blood are described in Phil. Trans., 12th Sep- 


tember 1670, No. 63, V, 2043. 
(104) Possibly, but there does not seem to be any direct evidence. 


(105) See note, § 10. 
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Questions that may be asked me, touching the genuine use of 
Respiration, in the excellent Words employ’d by the acute 
St. AusTIN, to one that ask’d him hard Questions : Mallem 
quidem (says he) eorum que a me quaesivisti, habere scientiam 
quam ignorantiam ; sed quia id nondum potui, magis eligo cautam 
ignorantiam confiteri, quam falsam scientiam profiteri (106). (New 
Experiments, 1662, p. 199.) Many other passages of a similar 
character might be quoted. Referring to the spagyrists’ Tria 
Prima, BoyLe says, «I must take the liberty to refrain from 
believing it, till the chymists prove it, or give us intelligible or 
practicable processes to perform what they pretend.» (Sceptical 
Chymist, 1661, p. 177 : EveRYMAN Edn., p. 99.) Again, he 
mentions (to DUNGARVAN) « how requisite it is to be circumspect 
and considerate, when we are to make and build upon nice Ex- 
periments. » (New Experiments, 1662, p. 85.) And also regarding 
some relations about fishes which had been delivered upon 
hearsay, «I shall not reject them, so I dare not build upon them, 
till I have opportunity to examine them by experience.» (/bid, 
p. 192.) And in his General History of the Air, 1692, p. 17, 
he says of himself that he has a «disposition naturally prone 
enough to question things.» Remembering carefully that there 
is, as has been shown in this paper, practically nothing in MAYOw 
of a novel character that time has justified, would it be remarkable 
that BoyLe, with the disposition reflected in the passages just 
quoted, should disapprove a book so utterly fanciful and speculative 
as Mayow’s was, knowing, moreover, that the experimental 
work upon which it was based was only to a very small extent 
that of the author himself. In his Physiological Essays (1669, 
p. 4: Works, 1744, I, 193a) Boye had early expressed a view 
which he would most probably have applied to Mayow’s book. 
He says that when sometimes a writer « to vent some few peculiar 
notions or discoveries of his own, presumes to write a whole 
body of philosophy, what is truly his own, though excellent 
in its kind, is either lost in the croud of things he has 
borrowed from others, and so comes to be over-looked, or at 


(106) I should indeed prefer to have knowledge rather than ignorance about 
the things which you have asked me : but since I do not yet have it, I much 
prefer to confess a cautious ignorance rather than to profess a false knowledge. 




















JOHN MAYOW. — IN CONTEMPORARY SETTING 537 


least not sufficiently taken notice of, by the reader; or else the 
unwelcome, and yet in such composures scarce evitable, repetition 
of many things that others had, I know not how often, written 
before, occasions the laying aside of the whole book as a rhapsody 
of trite and vulgar notions scarce worth the perusing : and by 
this means the author often loses the reputation of his peculiar 
notions, as well as the reader the benefit of them; and that, which 
would have made an excellent and substantial essay, passes but 
for a dull and empty book. » 

§ 148. I hope it will be evident from the preceding that there 
has been much misunderstanding regarding Mayow’s views. 
The necessity for a reajustment of our perspective will doubtless 
be realised if, by way of summing up the contents of this paper, 
one of the latest pronouncements regarding Mayow is quoted. 
In his recently published History of Science, 1929, DAMPIER- 
WHETHAM says : « JOHN Mayow (1643-1679) showed that ‘a 
candle enclosed in a flask goes out, although there is still 
contained in the flask ample abundance of air’. He infers that 
the air is not homogeneous, but contains ‘a vital fiery and in 
the highest degree fermentative spirit’, which exists also in nitre 
and in spiritus acidus (nitric acid) and may be called spiritus 
nitro-aereus or igneo-aereus—clearly our modern oxygen. ‘Gun- 
powder is very easily burnt by itself by reason of the igneo- 
aereal particles existing in it... Sulphureous matter on the 
contrary can be burnt only with the help of igneo-aereal particles 
brought to it by the air.’ He also proved that metal burned 
into a metallic oxide increased in weight, and concludes that 
the increase is due to combination with igneo-aereal particles. 
All this sound work was forgotten, only to be rediscovered a 
hundred years later by LAVoIsIER. 

« Mayow then identified burning and breathing. He showed 
that a small animal placed in a closed vessel died, and died more 
quickly if a lighted candle was also placed in the vessel. ‘It 
clearly appears that animals exhaust the air of certain vital 
particles,... that some constituent of the air absolutely necessary 
to life enters the blood in the act of breathing.’ This he infers 
is the nitro-aereal spirit, which by union ‘with the salino-sul- 
phureous particles of the blood gives rise to the heat of the blood.’ 

« All this is a very striking advance on the prevalent ideas. 
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Mayow was a great chemist and a great physiologist; in outlook 
and knowledge a century in advance of his time. » (pp. 132-133.) 

« The existence of oxygen in the air and its significance in respi- 
ration and combustion had been demonstrated in 1669 by JOHN 
Mayow; a century before its final discovery. » (loc. cit., p. 197.) 

§ 149. Surely it must be obvious from what has been said 
that in practically every detail this description is entirely erroneous : 
at least, if we are to understand that everything here attributed 
to Mayow is to be regarded as having been actually discovered 
by him—otherwise it has little or no meaning. Mayow was 
not the first to show that a candle enclosed in a flask goes out 
while there is still, apparently, abundance of air; he was not the 
first to infer that air is heterogeneous; he was not the first to 
suggest the existence in air of a vital substance also to be found 
in nitre and nitric acid; he was not the first to call this substance 
nitro-aerial spirit; he was by no means the first to show that 
gun-powder can burn without the assistance of air; he was not 
the first to prove—if he made the experiment at all—that the 
calx of a metal was heavier than the metal; he was not the first 
to show that an animal placed in a closed vessel died more 
quickly if a lighted candle was also placed in the vessel. It was 
not Mayow who first suggested that animals exhaust the air 
of some constituent necessary to life which enters the blood 
in breathing; and he was not the first to infer that this part of 
the air was the nitro-aerial spirit, and if he was not the first to 
show or suggest these things, why should he be credited with 
them? Moreover, he said nothing about combustion in 1669. 
The only statement which is partially correct is that Mayow 
attributed the increase of weight on calcination of antimony—he 
did not extend the suggestion to other metals—to combination 
with igneo-aerial particles, but, as has been shown above, 
§§ 78, 127, this was merely the adoption of a notion already 
published by Boy e, and, in addition, since Mayow’s idea of 
nitro-aerial spirit was very different indeed from our notion 
of oxygen, it could lead neither Mayow nor his contemporaries 
any way towards a comprehension of combustion and respiration. 
Therefore it was ignored, and quite rightly so. Mayow’s so- 
called «discovery of oxygen» (see §§ 10, 16, 18, 19) was not 


forgotten; it was never made. 
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§ 150. It is time that some word of protest should be made 
regarding the very careless manner in which the important word 
‘discovery’ has recently been used by a considerable number 
of writers. It has been applied lavishly to utterly crude 
suggestions altogether unworthy of the name. There can be 
no question of the discovery of oxygen until it was actually and 
consciously isolated by SCHEELE and by PrigstLEy. ‘That scientists 
from PARACELsus—and perhaps before PARACELSUs—down to 
these discoverers dealt with and discussed phenomena that had 
indeed to do with oxygen, is true, but it is greatly to force the 
meaning of the word ‘ discovery’ to use it with regard to their 
investigations. Even when oxygen had been definitely and 
deliberately prepared by PRIESTLEY it took not only him, but 
also LAvoiIsiER, the better part of a year, really to understand 
that something of an entirely unsuspected character had been 
obtained, and to impress upon scientists, actually for the first 
time, the presence of a second aeriform constituent in the 
atmosphere. There is no doubt that BAYEN (107) had made 
and collected oxygen before PrigestLey did, but he failed to 
recognise it as something new, and cannot therefore be regarded 
as having discovered it; and this applies with greater force to 
other unconscious preparations of oxygen by HALEs and possibly 
by Rosert Boy te, and, of course, still more strongly to the vague 
speculations of HooKE and Mayow. 

§ 151. According to GUNTHER (loc. cit., 1, 32), MAyow left 
Oxford in 1675, the year after the publication of his book and 
is said to have become well known as a physician at Bath, the 
waters of which he had already studied and reported upon in 
his Tractatus quinque (108). I have come across only two other 
references to Mayow. One is given in A. CLARK’s edition of 
Wood's Life and Times, 1892, Il, 239 as follows, « Mr. Mayow 
of Allsoules College being returned from a journey Mr. PRESTWYCH 


(107) Rozier’s Journal de physique, April 1774, II, 285. 

(108) Gorcu (loc. cit., p. 9) seems to state that Mayow made his examination 
of the Bath waters after 1675, although the account had been published in 1674. 
It may further be mentioned here that THomas Guipott—who also had been at 
Wadham College—in his Discourse of Bathe, London, 1676, Chap. II, quotes from 
Mayow’s account of the waters, leaving it to his readers to decide « How far 
this author hath ploughed with my Heifer.» (loc. cit., p. 12.) 
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met him and said, ‘Oh Mr. Mayowmet’. He asked him ‘ why 
he called him so’. ‘ Because,’ saith he, ‘ Mr. Mayow is well 
met’.» ‘ Verie ridiculous’, says Woop, truly. The other 
occurs in Hooke’s Lectures and Collections, 1678, p. 107 where 
Dr. Mayow of Bath is mentioned as having been consulted 
in 1676 by «a gentleman who became (after a too liberal drinking 
of cyder) afflicted with the colick, of which in four days he cured 
himself, by swallowing two musket bullets.» In spite of Mayow’s 
assistance, however, the cure proved fatal in the end. 

§ 152. In 1678 Mayow’s work received quite as much 
recognition as it deserved, when he was proposed by HOOKE 
for Fellowship of the Royal Society, (109) 7th February, 167 7/s, 
and was elected on the 30th November 1678, there being cast 
twenty seven votes, one negative (Bircu, Joc. cit., Il, 422). But 
it is sad to think that, as ANTHONY Woop puts it, « He paid his 
last debt to Nature in an Apothecary’s House, bearing the Sign 
of the Ancher, in Yorkstreet, near Covent Garden, within the 
Liberty of Westminster (having been married a little before not 
altogether to his content) in the month of September 1679, and 
was buried in the Church of St. Paul, Covent Garden. » (A. Woop, 
Athenae Oxonienses, 1722, U1, 637), for, if it cannot be admitted 
that he was the genius he is represented to have been, there is 
no doubt that he was an enthusiast, and had he developed a more 
sober judgment, might have done some useful work for science. 

§ 153. Only after my study of this subject was well advanced 
did I became aware that Professor A. Crum Brown, in a paper 
which seems to be but little known, had dealt to some extent 
with Mayow’s views. As I understood that his conclusions 
were something like mine, I refrained from reading his paper 
until the present one was absolutely complete, in order that 
my own judgment should be entirely uninfluenced by his. I 
have since then read Crum Brown’s paper which is entitled, 
Dr. Fohn Mayow : The Harveian Oration for 1899 : Edinburgh 
Medical Fournal, 1899, N.S., V1, 116-129; and I find that, although 
Crum Brown is not insensible to YeEaTs’s failings, he seems 
to me to hold much too favourable an idea both of the value 


(109) Gortcu (loc. cit., p. 9), without giving any authority, says it was for his 
« comparatively trivial work» on the Bath waters. 
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of Mayow’s opinions and of Beppogs’ championship. He 
applies the word « nonsense » to some of Mayow’s speculations, 
but he separates out, as he says, Mayow’s light from Mayow’s 
darkness, and in doing so makes, I think, a fundamental mistake, 
because, if Mayow’s light was unable to lighten either his own 
or his contemporaries’ darkness, it was, obviously, not light at all. 
It is evident also that Crum Brown had not considered with 
sufficient care contemporary work, for he quotes at considerable 
length Mayow’s illustration of the action of the lungs by means 
of a bellows which, as has been shown (see §§ 48, 59), had already 
been published by SWAMMERDAM, and clearly, was due to the 
influence of BOYLE. 

§ 154. It should also be mentioned that in October 1901 
Professor J. B. COHEN, in an opening address to the Yorkshire 
College Scientific Society, entitled « A Student of the Earliest 
English School of Chemistry», gave an account of some of 
Mayow’s work and views. This, which is the best of any hi- 
therto written and is based entirely upon MAyow’s own text, was, 
unfortunately, only printed privately. Had it obtained a wider 
circulation, it might have done something to counteract the 
effects of BEDDoEs and YEats—who are not, however, mentioned 
in the paper—and to stay the extravagances of the later 
commentators. Although COHEN maintains that more advanced 
opinions had been ascribed to Mayow than were due, he regards 
MAyow as a greater genius than ROBERT HOOKE (p. 4), thinking 
that his theories were certainly in advance of his time (p. 5) and 
considering him to have been a light shining in the darkness 
but shining in vain (p. 20). Even if CoHeNn had a much 
juster appreciation of Mayow than any other commentator, 
I feel that he also has overestimated the value of Mayow’s views. 

§ 155. Reference should also be made to the fact—of which I 
only became aware after this paper was written—that in his 
address to the Chemical Section of the British Association in 
1894 (Report, pp. 594-604), H. B. Drxon discussed Mayow’s 
idees at some length, and much of what has been said in the 
preceding part of this paper may be applied in criticism of his 
remarks. 

§156. The confusion which has arisen with regard to MAyow’s 
views, and the labour which has been involved in the preparation 
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of this paper are due to the fact that a number of historians of 
chemistry, instead of taking the trouble to examine MaAyow’s 
writings, have been content to adopt and propagate the statements 
of Beppors and YEATs, without examination or explanation. 
Their readers are therefore led to suppose that they have 
investigated the matter for themselves and pronounced this 
judgment upon it. SINGER remarks that, in spite of « the enormous 
mass of scientific literature dating from the 17th, 18th and early 
19th centuries, there is no real obstacle to selecting what is most 
important in it. True, it is beyond the power of any one student 
to examine all this literature at first hand, but it has been 
arranged and indexed, posterity has passed its verdict, and the 
historian can find his way through the thicket.» (A Short History 
of Medicine, 1928, 188-189.) If the examples which have been 
given in the early part of this paper represent the normal manner 
in which historians find their way through the thicket, I fear 
that their success has not been great, and that their efforts have 
been confined to perpetuating and amplifying other peoples’ 
errors ; whereas, had they done their first and most obvious duty 
of critical exposition, these errors should long ago have disappeared 
from chemical literature. The historians have signally failed to 
present Mayow’s work in relation to that of his contemporaries, 
and have thereby, by implication, disparaged the intelligence and 
the common sense of some of the greatest men who have ever 
concerned themselves with scientific work, in order to elevate 
to a position to which he has no right, one of vastly inferior ability. 

§ 157. It need not, perhaps, be a matter for great surprise, but 
it is certainly worthy of note, that those who have so extravagantly 
praised the useless speculations of Mayow should, per contra, dis- 
parage the great theories which played a genuinely important part 
in the royal development of chemistry. This may be illustrated by 
GUNTHER’s curiously naive statement that STAHL’s theory was « so 
cunningly woven (110) that a generation of chemists (including 
such men as CAVENDISH and BLACK, PRIESTLEY, SCHEELE and 
BERGMAN) failed to notice the many glaring contradictions in its 
meshes » (see § 18), or by SINGeER’s astonishing remark that 
« STAHL’s doctrine of phlogiston set back the hands of the clock » 


(110) Surely a theory is the better the more cunningly it is woven. 
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(loc. cit., p. 151; see § 19). We must try to put ourselves in the 
position of these philosophers. There are doubtless, to us, glaring 
contradictions in the meshes of the phlogiston theory, but this 
was not so to them. They could not foresee the future; it was 
their business to adopt that theory which seemed to square best 
with the facts known in their time. Had they been cognisant 
of the facts which are at our disposal, they would doubtless have 
adopted our views, or—as is still more probable—have improved 
upon them. Because these very distinguished men adopted the 
phlogiston theory, we ought not to stand astonished at their 
credulity, but conclude instead that, since the available evidence 
was sufficient to convince them, the phlogiston theory must 
have been the best possible in its age, and that progress could 
only be made along the lines it indicated. 

§ 158. It is a pleasure to acknowledge here the kind help 
which I have received in the preparation of this paper from several 
friends. Mr. W. R. CUNNINGHAM, M. A., Librarian of this 
University, and Mr. J. D. Loupon, B. Sc., have rendered most 
valuable assistance with the translation of certain latin passages ; 
Dr. ‘T. S. STEVENS was good enough to verify for me a number of 
references ; whilst to the Librarians of the University of Edinburgh 
and of the Faculty of Physicians and Surgeons of Glasgow I 
am indebted for the use of certain books which our own Library 
is not fortunate enough to possess ; and to the courtesy of the 
Librarian of the Royal College of Surgeons of England I owe 
the block of the frontispiece of the Tractatus duo of 1668. 

Organic Chemistry Department, T. S. PATTERSON. 

University of Glasgow. 27 Fune 1930. 
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